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METOftHKA AECOJIIOTHOrO YHETA HHCJIEHHOCTH 
nAPA3HTHMECKHX IIPOCTElIIHHX Y PEIE 

C. M. Coycb 

EnojiorHHecKHH hhctiityt CO AH CCCP, Hoboch6hpck 

B CTaTte paccMaTpHBaeTca HOBaa MeTO^HKa a6cojiioTHoro yqeTa hhcjighhocth napa3H- 
THaecKHx npocTemmix y pbi6. 

B HacTonipee BpeMH cynjecTByeT jihhib OTHOCHTejiBHBin yqeT qncjieHHocTH 
napa3HTHqecKHx npocTenninx y pbi6. 3tot KOJiHqecTBeHHBiH MeTO a HMeeT pnA 
cymecTBeHHBix He^ocTaTKOB. B npe^BapHTejiBHOM cooSipeHHH, CAejiamioM o ho- 
boh MeTO^HKe (CoycB, 1974), H3Jio>KeHo MaTeMaTHqecKoe o6ocHOBaHne h He 
AaHO KpHTHqecKOH opeHKH npeflBmymero MeTOAa, HeT noAPo6Horo onncaHHH 
yqeTa npocTemmix b pbi6e, He npHBe^eHBi npHMepBi h yKa3aHH h o tom, nan 
jiyqrne ncnojiB30BaTB 3Ty MeTOAHKy rjir AaJiBHenmero npoBe^eHHH CTaTHCTH- 
qecKOH o6pa6oTKH MaTepnajia. 

B npe^JiaraeMOH CTaTBe AaHO noApoSHoe onncaHHe mctoahkh c H3Jio>KeHHeM 
3aTpoHyTBix BonpocoB. 

MeTOflHKa a6cojnoTHoro yqeTa qncjieHHocTH napa3HTHqecKHx npocTenninx 
y pbi6 BBinojiHeHa npn yqacTHH MaTeMaTHKa EHOJiornqecKoro HHCTHTyTa 
CO AH CCCP H. H. 3aBajiHHiHHa, 3a qTo aBTop npnHocHT eMy HCKpemnoio 
npH3HaTejIBHOCTB. j 


YqeT HHCJieHHOCTH napa3HTnqecKHX npocTefiuiHx y pw6 

OTHocHTejiBHaa opeHKa qncjieHHocTH napa3HTHqecKHx npocTenninx (pec- 
HHqHBix h cocyipHx HH(|)y3opHH), BCTpeqaion^HxcH Ha noBepxHOCTH Tejia h 
>na6ep pbi 6, a Tan>Ke b KpoBeHOCHBix cocy^ax nocjie^HHx (>KryTHKOBBie), 
AO chx nop npoH3BOAHTCH nyTeM noAcqeTa hx KOJinqecTBa b oahom Ma3Ke hjih 
none 3peHHH MHKpocKona (Xan6yjiaeB, 1970 h aP*)* 9tot cnoco6 HMeeT cjie- 
Ayiomne hcaocththh: 1) opeHKa KOJinqecTBa napa3HTOB 3HaqHTejiBHO H3Me- 
HHeTCH B CBH3H C TeM, qTO 6epeTCH TOJIBKO OAHa nOBTOpHOCTB; 2) HeB03M0>KH0 
HaHTH CTeneHB AOBepnn k opeHKe, t. e. onpeAejiHTB ee Ancnepcnio (IIjioxhhckhh 
1970); 3) OTHocHTejiBHan xapaKTepncTHKa 3apa>neHHH He no3BOJmeT npeA- 
CTaBHTB a6cojnoTHyio qncjieHHocTB npocTenninx b pbi6e. 

A6cojiiothbih yqeT napa3HTOB npoH3BOAHjiH b cjih3H, b3htoh c noBepxHOCTH 
Tejia hjih >na6ep jkhbbix h pe>ne, CBejKeycHyBHiHx pbi 6. Pbi6y noMenjajiH Ha 
npenapoBajiBHoe CTeKJio h tbijibhoh ctopohoh CKajibnejm TipaTe jibho cocnaS- 
jiHBajiH bck) cjih3b, CHaqajia c JieBOH ctopohbi pbi6bi, 3aTeM c npaBOH. 3Ty 
CJIH3B noMeipajiH b rpaAynpoBaHHyio CKJiHHKy. 

Bee >na6epHBie Ayrn BBipe3ajm corjiacHO o6m;enpHHHTOH MeTOAHKe (^o- 
rejib, 1932; JlnHMaH, 1960 h apO- Ka>KAyio Ayry noMeipajiH Ha npeAMeTHoe 
CTeKJio. JieBOH pynoH npHAep>KHBajiH >Ka6epHyio Ayry npenapoBajiBHon htjioh 
hjih nHHpeTOM, a npaBOH TipaTejiBHO cocna6 jiHBajin cjih3b c >Ka6epHBix Jie-* 
necTKOB Been Ayrn, He o6pe3an hx, tbijibhoh ctopohoh CKajiBnejia hjih H3orHy- 
tbix rjia3HBix hojkhhh;. IIoa hhjkhmom hhct pyMeHTa KpoBeHOCHBie cocyAH 
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noBpe>KflajiHCL h kpobb nona^ajia b cjih 3 l. OcTaTKH cjih 3 h co CTenjia h hh- 
CTpyMeHTa CMBiBajm boaoh H3 nnneTKH b ry me CKJiHHKy. Cjih 3 l Tiu,aTejiBHO 
B 36 ajiTBiBajin c TaKHM KOJinqecTBOM boabi, ^toSbi Kanjin CMecn xopomo npo- 
CMaTpHBajiHCB hoa mhkpockoiiom. OS^eM boabi yqHTBiBajica. YqeT napa 3 HTOB 
npOH3BOAMH B BBl 6 opKe H3 3TOH CMeCH — Tpex KaHJIHX, IIOCJieAOBaTeJIBHO 
HaHeceHHBix hhhctkoh Ha npeAMeTHoe CTenjio. IIoA^HpajiH Tanyio nnneTKy, 
o 6 T»eM Kanjin kotopoh paBHOMepHo 3anojiHHJi npocTpaHCTBo hoa hokpobhbim 
CTeKJiOM, He bbixoah 3a ero npeAejiBi h He o6pa3yn ny3BipBKOB B03Ayxa. 
IIoKpoBHBie CTenjia KJiajiHCB Tan, ^toSbi hx ctopohbi 6 bijih napajuiejiBHBi 
CTopoHaM npeAMeTHoro CTenjia. 

IIoAcqeT napa3 HTOB hpoh 3 boahjih b 50 — 100 hojihx 3peHHH MHKpocKona. 
YBejiHqeHHe MHKpocKona noASnpajm no BejmqHHe napa3HTa. 

yqeT napa3 HTOB hpoboahjih b HenepeKpBiBaioni,HxcH hojihx 3peHHH MHKpo¬ 
cKona no ropH30HTajiBHOH jihhhh c homoih+k) npenapaTOBOAHTejm. B OAHOM 
HOJie 3peHHH MOrjIH BCTpeTHTBCH pa3HBie BHABI Hapa3HTOB. KoJIHqeCTBO napa- 
3 htob Ka>KAoro BHAa HOAcqHTBiBajin bo Bcex hojihx 3peHHH oTAejiBHO. 06ni,ee 
KOJinqecTBo napa3 HTOB b pBi6e paccqHTBiBajin no $opMyjie. IIobtophbih cocko 6 
cjih 3 h c >Ka6ep hjih noBepxHOCTH Tejia, CAejiaHHBin rjui kohtpojih, coAepnsaji 
He 6oJiee 5% ot o6ni,ero qncjia o6Hapy>KeHHBix napa3HTOB. 

Ha cocko 6 cjih 3 h c >Ka6ep, cmbib ee b CKJiBHKy, npnroTOBJieHHe BpeMeHHoro 
npenapaTa, npocMOTp 60 nojien 3peHHH h BBiqncjieHHe qncjieHHOCTH npocTen- 
hihx y oahoh pbi 6 bi 3aTpaqHBaeTCH 3 — 5 mhh. 

npHBOAHM npHMep yqeTa qncjieHHOCTH napa 3 HTHqecKHx npocTenninx 
y HHTH Kapacen H OpeHKH HX aScOJIIOTHOH H OTHOCHTCJIBHOH qHCJieHHOCTH 
(Ta 6 ji. 1 ). yqeT qncjieHHOCTH y nepBoro Kapacn onncBiBaeM noApoSHO. 

TaSjiHAa 1 


OqeHKa a6cojnoTHofi ii OTHOciiTejibHOil «mcjieHHOCTH npocTeihiiiix y Kapacei! 
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noAcqeT napa3HTOB oahoto BHAa hpoh 3 boahjih b CMecn cjih 3 H c boaoh 
o6T»eMOM 2 mm. Tpn Kanjin CMecn nocjie B36ajiTBiBaHHH 6pajin hhhctkoh, 
HMeiomeH o6T»eM Kanjin 0.01 mji. Ka>KAyio Kanjiio CMecn noKpBiBajin noKpoB- 
HBIM CTeKJiOM, pa3MepOM 18x18 MM. yqeT npOCTeHHIHX npOH3BOAHJIH HOA 
6 ojibhihm yBejinqeHHeM MHKpocKona (7 X 40) b 60 hojihx 3peHHH hoa TpeMH 

HOKpOBHBIMH CTeKJIBMH. B OAHOM HOKpOBHOM CTeKJie HO TOpH30HTaJIBHOH JIHHHH 

AJihhoh 18 mm npocMaTpHBajiocB 20 nojien 3peHHH (cm. pncyHOK). njioni,aAB 

HOJIH 3peHHH BBiqHCJIHJIH HyTeM oSpaTHOTO paCqHCJieHHH. ^,HaMeTp OAHOrO HOJIH 

3peHHH paBeH 18 mm : 20 nojien 3peHHH. PaAHyc paBeH (18 : 20 : 2). 
llpn tz paBHOM 3.14 njionjaAB nojm 3peHHH paBHa 


7tr 2 = 3.14 


^ 18 : 20 


y 


= 0.636 


MM 2 . 


7* 
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B o^hom riOKpoBHOM CTeKJie pa3MepoM 18x18 mm yKnaftbiBajiocB 


18 X 18 
0.636 


= 509 nojien 3peHHH. 


TaKHM o6pa30M, qTo6bi no,o;cqHTaTB napa3HTOB b oahoh Kanjie CMecn, 
Heo6xoAHMO npocMOTpeTB no# Sojibhikm yBejinqeHneM MHKpocKona 509 no- 
Jieii 3peHHH. JJajiee, naxo^njin KOJinqecTBo Kanejib bo Been CMecn — o6i>eM 
Been CMecn /jejinjin Ha oS'BeM Kanjin 2 mji : 0.01 mji h nojiyqajin, qTO bch CMecB 



JIa6opaTopHoe o6opy#OBaHHe, Hcnojib3yeMoe #jih npoBefleHHH a6cojnoTHoro yaeTa 
ancjieHHOCTH npocTeimmx y pti6. 

l — cnn3b ( a ) Ha flHe rpa^ynpoBaHHoft ckjihhkh c boaoh (6); 2 — CKJiHHKa nocne BCTpnxuBa- 
HHH CJIH3H C BOflOH. IIapa3HTBI HaXOJJHTCH BO B3BenieHHOM COCTOHHHH H 0603HaneHBI TOH- 
KaMH (e); 3 — nnneTKa hjih b3hthh nanejib CMecn; 4 — BpeMeHHbift npenapaT, H3roTOBjieHHbiii 
H3 Tpex Kanejib cmgch, c ycjiobho H3o6paa<eHHbiMH HenepeKpHBaiomHMHCH iiojihmh 3peHHH (s) 
no ropH30HTajibHoii jihhhh (c). 


coctoht H3 200 KanejiB. JJjih yqeTa napa3HTOB bo Been CMecn Heo6xoAHMO npo- 
CMOTpeTB 509 x 200 = 101800 nojien 3peFinn. 3 to qncjio cocTaBJineT npon3Be- 
AeHne qncjia nojieii 3peHHH b o^hoh Kanjie h nanejiB Been CMecn. TaKHM o6pa- 
30M, qTo6bi onpe^ejinTB KOJinqecTBO npocTenmnx bo Been pbi6e, Heo6xoAHMO 
npocMOTpeTB » 102 tbic. nojien 3peHHH 6ojiBmoro yBejinqeHHn MHKpocKona. 

Cpe^Hee KOJinqecTBo napa 3 HTOB b oruom nojie 3 peHHH onpe^ejinjin no bli- 
Sopne H 3 Tpex KanejiB CMecn b 60 nojmx 3 peHH h Sojibhioto yBejmqeHHH MHKpo¬ 
cKona. y Kapacn JVT® 1 npn npocMOTpe 60 nojien 3 peHHn (Ta 6 ji. 2 ) o 6 Hapy>KeHO 

T a 6 ji h u, a 2 


y^eT qmJjieHHOCTH o^Horo Bii.ua npocTeihimx y Kapaca JY® 1 
b mecTH^ecHTH nojiax spemia Gojibinoro yBejinaemia MHKpocKona 
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1+1+1+1 +2+1 +1+1 =9 napa3HT0B. B cpe^HeM Ha oaho nojie npnxoAH- 
jiocb 9 : 60=0.15 3K3. napa3HTOB. 

onpe,o;ejieHHH napa3HTOB bo Been CMecn yMHo>Kajra cpe^Hee KOJinqe- 
ctbo napa3HTOB b oahom nojie 3peHHH 0.15 Ha ^102 tlic. nojien 3peHH h, koto- 
ptie HeoSxoAHMLi rjik npocMOTpa Been CMecn. IIoJiyqeHHoe npoH3BeAemie 
»15 tlic. 3K3. cocTaBHjio o6m.ee KOJinqecTBo npocTeHHiHx b pti6e. 

Onpe,n;ejieHHe ohihSkh npoBOAHJiocb cjie^yiomHM o6pa30M. H 3 qncjia oSHa- 
py>KeHHLix napa3HTOB (TaSji. 2) CTponjm BapHaijHOHHLiH pnA c KJiaccoBtiM npo- 
Me>KyTKOM, paBHLiM eAHHHije, — 0, 1, 2. 

K nepBOMy KJiaccy c qncjiOM napa3HTOB b oahom none 3peHHH, paBHOM 
Hyjiio, othochjiocl 52 nojiH 3peHHa; ko BTopoMy c qncjioM napa3HTOB, paBHOM 
eftmnme, — 7 h k TpeTbeMy c qncjiOM napa3HTOB, paBHOM A^yM, — oaho 
nojie 3peHHH. Ilpn TaKOM pacnpeAeJieHHH napa3HTOB b KJiaccax ornnSKa b no- 
jihx 3peHHH 6yAeT paBHa cpeAHeKBaApaTHqecKOMy OTKJioHeHHio 

°=± J+rp+y [7 (l 2 — 2 - 1 -0.15 + 0.15*)+ 1 (2 2 — 2 • 2 • 0.15 + 0.15 2 )] == 

= + 0.05 3K3. 

OnmSKa cpeAHero KOJinqecTBa napa3HTOB bo Been CMecn yBejmqHBaJiacb 
corjiacHo KOJinqecTBy nojien 3peHHH, HeoSxoAHMoro a^h npocMOTpa Been 
CMecn o= + 0.05 3K3. X102 tlic. nojien 3peHHH ^ + 5 tlic. 3K3. 


MaTeMaTnqecKoe oSocHOBamie mctoab aScojuoTHoro yqeTa 
qncjieHHOCTH rtapa3HTHqecKHx npocTeiiiimx y pbi6 

B pe3yjiLTaTe npocMOTpa m nojien 3peHHH h yqeTa KOJinqecTBa npocTeimmx 
b Ka>KAOM nojie, noJiyqaeM pnA ijejiHX qnceji: w 1? n. z , . . ., n m , TAe n m — kojih- 
qecTBO napa3HTOB oahoto BHAa, oSHapyjKemmx b k -m nojie 3peHHH. 

,H,jih OH,eHKH o6m;ero KOJinqecTBa npocTenninx b pbi6e ( N ), onpeAejiHM 
AHCKpeTHyio cjiyqaimyio BejraqHHy n Kan KoJinqecTBo napa3HTOB, o6Hapy>KeH- 
hlix b &-om nojie 3peHHH MHKpocKona. IIpeAnojio>KHM, qTo cjiyqaiiHLie Bejm- 
qHHLi n 1? n 2 , n 3 , . . n m He3aBHCHMLi h oAHHanoBO pacnpeAeJieHLi. ,H,jih 3toto 
H eoSxoAHMO, qToSLi CMecL 6mia oahopoahoh h nojin 3peHHH MHKpocKona He 
nepenpLiBajiHCL. H 3 peHTpajiLHon npeAejiLHOH TeopeMLi (THeAGHKo, 1965) 

m 

cJieAyeT, qTo BejinqHHa n = ^ n k pacnpeAejieHa no HopMajiLHOMy 3anoHy 

~i 

c MaTO>KHAaHHeM h cpeAHeKBaApaTHqecKHM oTKJioHeHHeM o. IIooTOMy, c Bepo- 
hthoctlk) 1 — ol BejiHqHHa n hbxoahtch b npeAejiax 

n = n + to, (1) 

tag t a-^h oStiqHO npHHHTLix b npaKTHKe ypoBHen 3naqnMOCTH h a=0.01 
ecTL 05 =1.96 h r 0 01 =2.58 (npeAnojiaraeTcn, qTo m AocTaToqHo Bejinno). 
BBeAeM cjieAyioiAHe o6o3HaqeHHn: s — njiom,aAL nojm 3peHHH MHKpocKona, 
S — njioiu,aAL noKpoBHoro CTenjia, v — o6beM nanjin, V — o6beM CMecn. 
KoJinqecTBo KanejiL bo Been CMecn paBHo oTHomeHHio V : v, a KOJinqecTBo no- 
jien 3peHHH, npocMaTpnBaeMLix b oahoh nanjie, — S : s. CjieAOBaTejibHO, kojih- 
qecTBo nojiefi 3peHHH ( M) bo Bcex nanjinx CMecn cocTaBHT 



( 2 ) 


H 3 ypaBHeHHH (1) h (2) nojiyqHM 


HJIH 


N — Mn = Mn + tMa, 


N = — (n ± to). 


(3) 


TaKHM o6pa30M, C BepOHTHOCTLIO 1 — a KOJIHqeCTBO napa3HTOB B pLlSe 
SyAeT HaxoAHTLcn b HHTepBajie, onpeAejmeMOM (JjopMyjion (3). 
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Cpe,n;Hee nojmqecTBo napa3HTOB Ha OAHy pi»i6y BBiqncjieHO no $opMyjie (3). 
CTaHAapTHan ornnSna cpeAHero HanAeHa no $opMyjie 



tel 


Pe3yjiBTaTLi aSconioTHBix yqeTOB npocTenmnx b hhth Kapacnx mo>hho 
06'BeAHHHTL, BBHAy Toro qTO cpeAHee KOJinqeCTBO napa3HTOB b oahom nojie 
3peHHH bo Bcex hhth pni6ax He OTJinqaeTCn Ha 5%-m ypoBtie 3HaqHMOCTH. 
On;eHKa a6coJiK)THoro nojraqecTBa npocTemnHx bo Bcex hhth pLiSax noJiyqeHa 
TaK>Ke H3 $OMyjILI (3). 

fljin nojiyqeHHH oijeHHH 3apa>neHHOCTH c Hynmon CTeneHbio ToqaocTH Heo6- 
xoahmo npocMOTpeTB onpeAejieHHoe KOJinqeCTBO nojien 3peHHn. 3AecB mo>hho 
B0CH0JIB30BaTBCH TeM o6CTOHTeJIBCTBOM, qTO TOqHOCTB oijeHHH B03pacTaeT KaK 
KopeHB KBaApaTHLiH H3 qHCJia noBTopHOCTen. Tan, HanpnMep, nnTHKpaTHoe 
yBejinqeHne nojien 3peHHH (60x5=300) npn o6T»eAHHeHHH pe3yjiBTaTOB yqeTa 
npocTenmHx y hhth napacen yBejmqnjio TOqHOCTB o6m;eH oijeHHH (29 + 4) 
no cpaBHemno c HiiAHBHAyajiBHOH (HanpnMep, y napacn JNIs 3 — 28 + 8) 
b \J 5 2 pa3a. 

06T»eM BOABI RJ1H. pa3BeAeHHH CJIH3H, HJIOmaAB HOJIH 3peHHH MHKpOCKOHa 
h o6T»eM KanjiH Heo6xoAHMO noASnpaTB Tan, qTo6bi Ha oaho nojie 3peHHH 
MHKpocKona npnxoAHJiocB b cpeAHeM ot 0.1 ao 1.0 napa3HTa. Tanon BBi6op 
conpanjaeT BpeMH paSoTBi h oqeHB qacTO oSecneqHBaeT pacnpeAenemie hojih- 
qecTBa napa3HTOB b hojihx 3peHHH no 3anoHy IlyaccoHa. IIocjieAHee o6cto- 
HTeJIBCTBO MO>KeT 6lITB HCHOJIB30BaHO HpH HOCJieAyiOIAeH CTaTHCTHqeCKOH 
o6pa6oTKe MaTepnajia. 

IIpHBOAHM npHMep CpaBHeHHH KOJIHqeCTBa npOCTeHHIHX B OAHOH pBl6e, 
nojiyqeHHBix pa3HBiMH MeTOAaMH (Ta6ji. 1). Y napacn 30JioToro 1 aScojnoTHan 
qncjieHHOCTB npocTemnHx coCTaBJinJia 15 ( + 5) tbic. 3H3., a OTHOCHTejiBHan — 
1 — 2, epeAHHH — 1.1 3K3. B HOJie 3peHHH 6oJIBIHOrO yBeJIHqeHHH MHKpO- 
cnona. 

IIo a^hhoh MeTOAnne b 1971 h 1972 rr. 6biji npoBeAeH yqeT qncjieHHocTH 
Trichodina reticulata , Tetrachymena pyriformis , Apiosoma piscicola, Sphaeros- 
pora carassii h APyrnx npocTemnHx y 304 3K3. pa3HBix bhaob pli6 (AJiHHa Tena 
65 — 270 mm, Bee 4 — 250 r, B03pacT 2 — 6+jict) — napacn 3ojiototo h ce- 
peSpnHoro, chShpchoh hjiotbbi, rojinnHa 03epHoro h onyHn 03ep Kapacync- 
nofi CHCTeMBi (KpoTOBan JInra, KycraH, Mennoe). 

AScoJiioTHan qncjieHHOCTB Trichodina reticulata Ha >na6pax oahoh pbi 6 bi 
coCTaBJinJia ^ 1 — 300 tbic. 3H3.; Tetrachymena pyriformis ^ 1 —5, Apiosoma 
piscicola ^ 1 — 37, Sphaerospora carassii ^ 1 — 30 tbic. 3H3. 

OnpeAeneHa Tan>ne qncjieHHOCTB Trypanosoma carassii b npoBH >na6ep 
napacn 30jiototo. OHa coCTaBJinJia ^ 5 — 44 tbic. 3H3. 9Ty qncjieHHOCTB 
mo>hho cqHTaTB aScojiioTHOH, Tan nan TpnnaH030MBi npoBH xboctoboh apTepnn, 
Ma3nax cejie3eHHH h noqen He BCTpeqajiHCB, bo3mo>hho, b pe3yjiBTaTe cyToqHon 
MHrpan;HH. 

npeAJiaraeMan 3AecB MeTOAnna SniJia npnMeHeHa Tan>ne rjih. yqeTa hhh; 
TpeMaTOA, oSHapyn^eHHBix b npoBH >na6ep. KojraqecTBO hhh; cocajinmnnoB 
poAa Sanguinicola b oahoh pni6e cocTaBJinno ^ 1 tbic. 3H3. 

OrnnSna aScojiioTHon qncjieHHOCTH napa3HTOB y pbi 6 He npeBBimaJia 1/3 
ot o6m;ero nojraqecTBa. 
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A TECHNIQUE OF ABSOLUTE CALCULATION 
OF THE NUMBER OF PARASITIC PROTOZOA IN FISHES 


S. M. Sous 
SUMMARY 

A new technique is given of the absolute calculation of parasitic Protozoa in fishes. 
The mucus from the body and gills of fishes was mixed with such volume of water 
(V) that the drop of mixture (v) was clearly seen under the microscope. The calculation 
of Protozoa was done in a sample from three drops of mixture covered with three slides (S). 
From 50 to 100 viewing fields were seen the them and an average number of Protozoa in 
one field was calculated. The total number of Protozoa in one fish (N) was equal to an ave¬ 
rage number of parasites in a viewing field (n) multiplied by the total number of viewing 
fields (m) which could be obtained at the examination of the whole mixture. The latter 

was calculated Conventionally (-^ •—^ where s — a square of a viewing field. FJus, 

/ m 

vs i l 

«ni_— . — (nk + to) where the error o= 1/ —-- > f Ql — n l 2 . 
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